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(57) ABSTRACT 

A Delay Locked Loop (DLL) and method for generating 
multiple equally spaced phases over a Wide frequency range 
is disclosed. The DLL includes a delay line, and a control 
module. The delay line receives a reference clock signal and 
outputs a ?nal delay clock signal in response to the reference 
clock signal. The delay line includes a plurality of delay cells 
connected in series. The plurality of delay cells generate a 
plurality of delay clock signals having equally spaced 
phases. The control module generates a phase control signal 
based on counting a number of pulses of the reference clock 
signal that are input to the delay line before occurrence of a 
?rst corresponding pulse of the ?nal delay clock signal. 
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MULTI-PHASE DELAY LOCKED LOOP 
WITH EQUALLY-SPACED PHASES OVER A 
WIDE FREQUENCY RANGE AND METHOD 

THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to Indian Provi 
sional Patent Application No. 1007/CHE/2006, ?led Jun. 9, 
2006, and Indian Non-Provisional Patent Application No. 
E-2/113/2007, ?led Jun. 8, 2007, Which are incorporated 
herein by reference. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] Embodiments of the invention relate generally to 
Delay Locked Loops (DLLs) and more particularly to mul 
tiple phase delay locked loops With equal-spaced phase 
outputs. 
[0004] 2. Prior Art 
[0005] Multiple phase DLLs are used in a Wide variety of 
electronic applications such as clock and data recovery, 
frequency synthesis, and generation of clock pulses for 
sampling in high speed Analog-to-Digital Converters 
(ADCs). For optimal use in such a Wide variety of applica 
tions, it is desirable for the DLL to have a broad frequency 
range of operation. HoWever, the frequency range over 
Which the DLL can be operated, is limited by a delay range 
that is supported by a delay line of the DLL. 
[0006] Some of the existing multiphase DLLs that Work 
over a Wide frequency range of operation use a dual loop 
design. In the dual loop design, a coarse control loop can 
signi?cantly change the delay line’s delay and a ?ne control 
loop With a small delay range then produces the required 
delay. HoWever, the coarse control loop is implemented by 
digitally sWitching delay elements of the delay line, Which 
considerably increases the poWer consumption of the DLL. 
Further, such implementations involve signi?cant increase 
in die area. 

[0007] Another existing technique for generating multiple 
phases uses a small number of delay elements or cells to 
generate a feW phases. The other required phases are 
obtained by interpolating betWeen these phases. HoWever, 
the use of interpolation techniques for generating multiple 
phases result in loW sleW rates of clock outputs of the delay 
cells. So the DLL clock outputs are susceptible to noise and 
jitter. 

SUMMARY 

[0008] Embodiments of the invention described herein 
provide a Delay Locked Loop (DLL) With equally spaced 
multiple phases over a Wide frequency range and methods 
thereof. 
[0009] In an embodiment of the invention, generating 
multiple phases of a reference clock signal for Wide fre 
quency range is achieved by locking to n cycles of the 
reference clock signal Where n is co prime to a number of 
required clock signal phases. Locking to the n cycles of the 
reference clock signal is implemented by dividing the ref 
erence clock signal and a ?nal delayed clock signal from the 
delay line and giving these tWo signals to the Phase Fre 
quency Detector (PFD). The delay line still gets undivided 
reference clock as its input. Depending on the coprime 
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number, unique mapping of the existing phases of the DLL 
to the required phases is done to ensure the availability of the 
required phases. The value of n may be different for different 
range of reference clock signal. 
[0010] In accordance With an embodiment of the inven 
tion, a Delay Locked Loop (DLL) With equally spaced 
phases over Wide frequency range is provided. The DLL 
includes a delay line, and a control module. The delay line 
receives a reference clock signal and outputs a ?nal delay 
clock signal in response to the reference clock signal. The 
delay line includes a plurality of delay cells connected in 
series. The plurality of delay cells generate a plurality of 
delay clock signals having equally spaced phases. The 
control module is coupled to the delay line. The control 
module generates a phase control signal based on counting 
a number of pulses of the reference clock signal that are 
input to the delay line before occurrence of a ?rst corre 
sponding pulse of the ?nal delay clock signal. 
[0011] In accordance With another embodiment of the 
invention, a Delay Locked Loop (DLL) With equally spaced 
phases over Wide frequency range is provided. The DLL 
receives a reference clock signal and outputs a plurality of 
delay clock signals such that a phase difference betWeen any 
tWo adjacent delay clock signals of the plurality of delay 
clock signals is equal. The plurality of delay clock signals 
include a ?nal delay clock signal. The DLL includes a 
masking module, a counter, a decoder, a divider module, a 
Phase Frequency Detector (PFD), a charge pump, and a 
delay line. The masking module masks a pre-de?ned number 
of edges of the reference clock signal and the ?nal delay 
clock signal, and generates a start_count signal and a stop_ 
count signal upon masking the pre-de?ned number of edges 
of the reference clock signal and the ?nal delay clock signal 
respectively. The counter is coupled to the masking module. 
The counter generates a count of a number of pulses of the 
reference clock signal that are input to the delay line 
betWeen inputting a pulse of the reference clock signal to the 
delay line and occurrence of a corresponding pulse of the 
?nal delay clock signal. The decoder is coupled to the 
counter. The decoder decodes the count to generate a co 
prime number With respect to a number of delay clock 
signals in the plurality of delay clock signals. The divider 
module is coupled to the decoder. The divider module 
receives a value of the co-prime number, and divides fre 
quencies of the reference clock signal and the ?nal delay 
clock signal by the co-prime number to generate a reference 
phase signal and a delay phase signal respectively. The 
Phase Frequency Detector (PFD) is coupled to the divider 
module, and compares the reference phase signal and the 
delay phase signal in terms of phase. The charge pump is 
coupled to the PFD, and generates a phase control signal 
based on comparing the reference phase signal and the delay 
phase signal. The delay line is coupled to the charge pump. 
The delay line includes a plurality of delay cells connected 
in series. The plurality of delay cells generates the plurality 
of delay clock signals on receiving the phase control signal. 
Depending on the coprime number, unique mapping of the 
existing phases of the DLL to the required phases can be 
done 

[0012] In accordance With another embodiment of the 
invention, a method for generating a plurality of equal 
spaced phases over Wide frequency range using a Delay 
Locked Loop (DLL) is provided. The DLL includes a 
plurality of delay cells connected in series. The plurality of 
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delay cells generates a plurality of delay clock signals in 
response to a reference clock signal. The plurality of delay 
clock signals includes a ?nal delay clock signal. The method 
includes generating a co-prime number With respect to a 
number of delay clock signals in the plurality of delay clock 
signals, dividing a frequency of the reference clock signal 
and the ?nal delay clock signal by the co-prime number to 
generate a reference phase signal and a delay phase signal 
respectively, comparing phases of the reference phase signal 
and the delay phase signal, generating a phase control signal 
based on comparing the phases, and controlling the phase 
difference betWeen any tWo adjacent delay clock signals of 
the plurality of delay clock signals through the phase control 
signal. Depending on the coprime number, unique mapping 
of the existing phases of the DLL to the required phases can 
be done. 
[0013] This summary is not intended to describe each 
embodiment of the invention. The Detailed description and 
Figures that folloW provide additional aspects of embodi 
ments of the invention. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] FIG. 1 is a block diagram illustrating a Delay 
Locked Loop (DLL) in accordance With an embodiment of 
the invention; 
[0015] FIG. 2 is a schematic circuit diagram of a delay line 
in accordance With an embodiment of the invention; 
[0016] FIG. 3 is a block diagram illustrating a control 
module in accordance With an embodiment of the invention; 
[0017] FIG. 4 is a block diagram illustrating a calibration 
module in accordance With an embodiment of the invention; 
[0018] FIG. 5 is a block diagram illustrating a phase 
control module in accordance With an embodiment of the 

invention; 
[0019] FIG. 6 is a block diagram illustrating a divider 
module in accordance With an embodiment of the invention; 
and 
[0020] FIG. 7 is a ?owchart illustrating a method for 
generating multiple equal-spaced phases in accordance With 
an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0021] Embodiments of the invention provide a multiple 
phase Delay Locked Loop (DLL) With an increased input 
frequency range of operation, equally spaced phase outputs, 
and methods thereof. 
[0022] FIG. 1 is a block diagram illustrating a Delay 
Locked Loop (DLL) 100 in accordance With an embodiment 
of the invention. The DLL 100 includes a delay line 105, a 
control module 110, and a poWer supply module 115. The 
delay line 105 receives a reference clock signal ‘REFCLK’ 
at its input, and outputs a ?nal delay clock signal ‘DELCLK’ 
in response to the REFCLK. The control module 110 is 
coupled to the delay line 105. The control module 110 
receives the REFCLK and DELCLK, and generates a phase 
control signal. The phase control signal is generated based 
on a count of number of pulses of the REFCLK that occur 
before a ?rst corresponding pulse of the DELCLK. The 
poWer supply module 115 such as a LoW Drop Out (LDO) 
regulator provides poWer to the delay line 105. The delay 
line 105 is explained in details in conjunction With FIG. 2. 
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[0023] FIG. 2 is a schematic circuit diagram of the delay 
line 105 in accordance With an embodiment of the invention. 
The delay line 105 includes multiple identical delay cells 
connected in series, for example delay cells {D0, D1, D2, . 

. , DB1}, i.e., the delay line 105 includes P delay cells, 
Where P is an integer greater than one. The delay cells {D0, 
D1, D2, . . . , DP_l}output respective delay clock signals {YO, 
Y1, . . . , YP_2, DELCLK}. For example, the delay cell DP_l 
receives the REFCLK and generates a ?rst delay clock 
signal YO, Which is then input to D1. Similarly, the delay 
clock signal from each delay cell of the delay line 105 is 
input to a subsequent delay cell of the delay line 105, thus 
generating delay clock signals {YO, Y1, . . . , YP_2, DEL 
CLK}. The delay clock signals so generated differ in phase 
from one another, i.e., a delay clock signal can either lead or 
lag in phase from any adjacent delay clock signal. The phase 
difference betWeen any tWo adjacent delay clock signals is 
equal, i.e., the delay clock signals have equal-spaced phases. 
In an embodiment of the invention, the generated phases are 
spaced at 2*pi/P. For example, if P:10, the phases Will be 36 
degrees apart, i.e., 36, 72, 108, 144 . . . 360. 

[0024] In an embodiment of the invention, the plurality of 
delay cells may be identical. 
[0025] FIG. 3 is a block diagram illustrating the control 
module 110 in accordance With an embodiment of the 
invention. The control module 110 includes a calibration 
module 120 and a phase control module 125. The calibration 
module 120 generates a co-prime number With respect to 
number of the delay clock signals, i.e., P. For doing so, the 
calibration module 120 generates the count of REFCLK 
pulses that occur before the ?rst corresponding DELCLK 
pulse to calibrate the phase control signal. The phase control 
module 125 is coupled to the calibration module 120, and 
generates the phase control signal based on a value of the 
co-prime number. 
[0026] FIG. 4 is a block diagram illustrating the calibra 
tion module 120 in accordance With an embodiment of the 
invention. In one embodiment of the invention, the calibra 
tion module 120 includes a counter 130 and a decoder 135. 
The counter 130 counts the number of REFCLK pulses 
before the ?rst corresponding DELCLK pulse appears at the 
output of the delay cell DP_1, for example, the counter 130 
counts the number of the REFCLK pulses till the appearance 
of the ?rst DELCLK pulse at the output of DP_1. The decoder 
135 decodes the count generated by the counter 130 to 
obtain a value of the count. If the count value is a number 
that is co-prime to P, i.e., does not have any common factor 
With P, the decoder 135 outputs the count value as ‘n’. 
HoWever, if the count value is not co-prime to P, the decoder 
135 selects a next number greater than the count value that 
is co-prime to P. The decoder then outputs this value as n. 
The value of n is provided to the phase control module 125. 
[0027] In another embodiment of the invention, the cali 
bration module 120 also includes a masking module 140. 
The masking module 140 includes a ?rst mask module 145 
and a second mask module 150. Examples of the masking 
module 140 include, but are not limited to digital counters. 
The ?rst mask module 145 masks edges of the REFCLK and 
the second mask module 150 masks the DELCLK edges. 
This embodiment takes care of a supply transient of the 
poWer supply module 115. For this purpose, the masking 
module 140 masks the REFCLK and DELCLK edges till the 
poWer output from the poWer supply module 115 to the delay 
line 105 reaches a steady state. In one embodiment, the 
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masking module 140 masks the REFCLK and DELCLK 
edges for a pre-de?ned time interval. 

[0028] In another embodiment, the masking module 140 
masks a pre-de?ned number of edges of the REFCLK and 
DELCLK. For example, if the masking module masks ‘M’ 
number of edges of the REFCLK and DELCLK, then on 
completion of the masking process, the ?rst mask module 
145 sends a ‘start_count’ signal to the counter 130. On 
receiving the start_count signal, the counter 130 begins the 
counting from the REFCLK pulse that occurs at the (M+l)th 
REFCLK edge at the DO input. The counting is continued till 
the (M+1)’h DELCLK edge occurs at the DP_l output. On 
occurrence of the (M+l)th DELCLK edge, the second mask 
module 150 sends a ‘stop_count’ signal to the counter 130 
to stop the counting. Therefore, for a particular REFCLK 
edge, the number of REFCLK pulses is counted from that 
REFCLK edge till the corresponding DELCLK pulse 
appears at the output of the delay cell DP_1. The values of the 
pre-de?ned time interval and the pre-de?ned number of 
edges depend on the time taken by the poWer output from the 
poWer supply module 115 to reach the steady state. 

[0029] The n-value generated by the control module 120 is 
received by the phase control module 125. The phase control 
module 125 is explained in details in conjunction With FIG. 
5 

[0030] FIG. 5 is a block diagram illustrating the phase 
control module 125 in accordance With an embodiment of 
the invention. The phase control module 125 includes a 
divider module 155, a Phase Frequency Detector (PFD) 160, 
and a charge pump 165. The divider module 155 divides the 
REFCLK and DELCLK frequencies by a factor of n. Reduc 
ing the REFCLK and DELCLK frequencies by n further 
ensures that the PFD 160 is operated in the phase range of 
—2J'l§ to +275 radians, Where rc~3.142. The PFD 160 compares 
the phases of the reference phase signal and delay phase 
signal and generates signals ‘UP’ or ‘DOWN’ based on the 
comparison. For example, if the reference phase signal leads 
the delay phase signal in phase, the UP signal is generated, 
and if the reference phase signal lags the delay phase signal 
in phase, the DOWN signal is generated. The UP or DOWN 
signal is received by the charge pump 165. The charge pump 
165 generates the phase control signal based on the 
UP/DOWN signal 
[0031] The phase control signal is then provided to each 
delay cell of the delay line 105. The phase control signal 
controls the delay in the delay line 105 till corresponding 
edges of the reference phase signal and the delay phase 
signal are aligned, i.e., the phase delay or difference betWeen 
the reference phase signal and the delay phase signal is 0 or 
360 degrees. HoWever, the phase control signal delays 
DELCLK by ‘nTREF’ in time, Where T REF is the time period 
of REFCLK. Further, since n is co-prime to the number of 
delay clock signals, P delay clock signals With unique phases 
are generated that are equally spaced in phase. In other 
Words, any tWo subsequent delay cells are noW spaced 
nTREF/P in time, and 360/P degrees in phase. The value of 
n may be different for different range of reference clock 
signal. The phase difference betWeen any tWo adjacent delay 
outputs of the delay line 105 is constant. In an embodiment 
of the invention, a unique mapping ensuring the phases 
spaced at 2*pi/P exists When 2*pi*n/P phases are generated 
by dividing the reference clock by coprime number p and 
locking to n number of cycles. 
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[0032] FIG. 6 is a block diagram illustrating the divider 
module 155 in accordance With an embodiment of the 
invention. The divider module 155 includes a ?rst divider 
circuit 170 and a second divider circuit 175. The ?rst divider 
circuit 170 divides the REFCLK frequency by n to generate 
a reference phase signal, and the second divider circuit 175 
divides the DELCLK frequency by n to generate a delay 
phase signal. Examples of the ?rst and second divider 
circuits 170 and 175 include but are not limited to digital 
counters. 

[0033] FIG. 7 is a ?owchart illustrating the method for 
generating multiple equal-spaced phases using the DLL 100. 
Step 180 starts. Step 185 generates the n-value. Step 190 
divides the REFECLK and DELCLK frequencies by the 
n-value to generate the reference phase signal and the delay 
phase signal respectively. Step 195 compares the phases of 
the reference phase signal and the delay phase signal. Step 
200 generates the phase control signal. The phase control 
signal is generated based on the comparison of the phases of 
the reference phase signal and the delay phase signal. Step 
205 applies the phase control signal to the delay line 105 for 
controlling the phase difference betWeen any tWo adjacent 
delay clock signals of the plurality of delay clock signals and 
hence, generating the plurality of equal spaced phases, i.e. P 
equal-spaced phases. Step 210 stops. In an embodiment of 
the invention, before step 210 a mapping for the required 
phases is generated from the existing phases based on the 
coprime numbers. For example, With 5 delay cells, the DLL 
can generate phases 72, 144, 216, 288 and 360 degrees. For 
each value of the co-prime number n, there exists a unique 
mapping of the output of the delay cells and the phase it 
generates. 

For n:l, the phase mapping is 

Dell ::72 

Del2::144 

Del3 ::2 1 6 

Del4::288 

Del5::3 60 

For n:3, the phase mapping is 

Del2::72 

Del4::144 

Del1::216 

Del3::288 

Del5::360 

[0034] Where Del implies a delay cell. 
[0035] So, each of these phases can be generated by 
selecting the output of the appropriate delay cell. 
[0036] In an embodiment of the invention, at step 195 the 
phases of the reference clock signal and the ?nal delay clock 
signal may also be compared. 
[0037] In an embodiment of the invention, generating 
multiple phases of a reference clock signal for Wide fre 
quency range is achieved by locking to n cycles of the 
reference clock signal Where n is co prime to a number of 
required clock signal phases. Locking to the n cycles of the 
reference clock signal is implemented by dividing the ref 
erence clock signal and a ?nal delayed clock signal from the 
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delay line and giving these tWo signals to the Phase Fre 
quency Detector (PFD). The delay line still gets undivided 
reference clock as its input. Depending on the coprime 
number, unique mapping of the existing phases of the DLL 
to the required phases is done to ensure the availability of the 
required phases. 
[0038] The method described above includes different 
steps involved. The method may include a greater or a feWer 
number of steps than those included in FIG. 7. 
[0039] The DLL 100 as described earlier in accordance 
With embodiments of the invention introduces an additional 
delay ‘(n-1)TR EF’ in the delay line 105 compared to existing 
multiphase DLLs, thereby relaxing the minimum delay 
requirement of each delay cell of the delay line 105, and 
resulting in reduced poWer consumption. Also, the value of 
n depends on frequency of the REFCLK, i.e., for a loW 
REFCLK frequency, the value of n Will be loW and for a high 
REFCLK frequency the value of n Will be high. Therefore, 
the maximum delay requirement that is supported by the 
DLL 100 also reduces. Since, both the minimum and maxi 
mum delay requirements are relaxed, the DLL 100 is capable 
of supporting a Wide range of input frequencies With sig 
ni?cant reduction in poWer consumption. Further, the PFD 
160 is operated at a reduced frequency Which also results in 
poWer savings. 
[0040] The forgoing description sets forth numerous spe 
ci?c details to convey a thorough understanding of the 
invention. HoWever, it Will be apparent to one skilled in the 
art that the invention may be practiced Without these speci?c 
details. Well-known features are sometimes not described in 
detail in order to avoid obscuring the invention. Other 
variations and embodiments are possible in light of above 
teachings, and it is thus intended that the scope of invention 
not be limited by this Detailed Description, but only by the 
folloWing Claims. 

1. A Delay Locked Loop (DLL) With equally spaced 
phases over a Wide frequency range, the DLL comprising: 

a delay line for receiving a reference clock signal and 
outputting a ?nal delay clock signal in response to the 
reference clock signal, Wherein the delay line includes 
a plurality of delay cells connected in series, the 
plurality of delay cells generating a plurality of delay 
clock signals having equally spaced phases; and 

a control module coupled to the delay line, for generating 
a phase control signal based on counting a number of 
pulses of the reference clock signal that are input to the 
delay line before occurrence of a ?rst corresponding 
pulse of the ?nal delay clock signal. 

2. The DLL of claim 1, Wherein the control module 
comprises: 

a calibration module for generating a co-prime number 
With respect to the plurality of delay clock signals, 
Wherein the co-prime number is generated based on 
counting the number of pulses of the reference clock 
signal; and 

a phase control module coupled to the calibration module, 
for generating the phase control signal based on a value 
of the co-prime number. 

3. The DLL of claim 2, Wherein the calibration module 
comprises: 

a counter for counting the number of pulses of the 
reference clock signal; and 
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a decoder coupled to the counter, for generating the 
co-prime number by decoding a count of the number of 
pulses of the reference clock signal. 

4. The DLL of claim 3, Wherein the calibration module 
further comprises a masking module for masking edges of 
the reference clock signal, and the ?nal delay clock signal. 

5. The DLL of claim 4, Wherein the masking module 
masks the edges of the reference clock signal and the ?nal 
delay clock signal for a pre-de?ned time interval. 

6. The DLL of claim 4, Wherein the masking module 
masks the edges of the reference clock signal and the ?nal 
delay clock signal for a pre-de?ned number of edges of the 
reference clock signal and the ?nal delay clock signal. 

7. The DLL of claim 4, Wherein the masking module 
comprises: 

a ?rst mask module for masking the edges of the reference 
clock signal, Wherein the ?rst mask module generates 
a ‘start_count’ signal on masking the edges of the 
reference clock signal; and 

a second mask module for masking the edges of the ?nal 
delay clock signal, Wherein the second mask module 
generates a ‘stop_count’ signal on occurrence of the 
?rst corresponding pulse of the ?nal delay clock signal. 

8. The DLL of claim 7, Wherein the counter counts the 
number of pulses of the reference clock signal based on the 
start_count signal and the stop_count signal. 

9. The DLL of claim 2, Wherein the phase control module 
comprises: 

a divider module for dividing the frequency of the refer 
ence clock signal and the ?nal delay clock signal by the 
co-prime number; 

a Phase Frequency Detector (PFD) coupled to the divider 
module, for comparing phases of the reference clock 
signal and the ?nal delay clock signal; and 

a charge pump coupled to the PFD, for generating the 
phase control signal based on comparing the phases of 
the reference clock signal and the ?nal delay clock 
signal. 

10. The DLL of claim 9, Wherein the divider module 
comprises: 

a ?rst divider circuit for dividing the frequency of the 
reference clock signal by the co-prime number; and 

a second divider circuit for dividing the frequency of the 
?nal delay clock signal by the co-prime number. 

11. A Delay Locked Loop (DLL) With equally spaced 
phases over a Wide frequency range, Wherein the DLL 
receives a reference clock signal and outputs a plurality of 
delay clock signals such that a phase difference betWeen any 
tWo adjacent delay clock signals of the plurality of delay 
clock signals is equal, the plurality of delay clock signals 
including a ?nal delay clock signal, the DLL comprising: 

a masking module for masking a pre-de?ned number of 
edges of the reference clock signal and the ?nal delay 
clock signal, and generating a start_count signal and a 
stop_count signal upon masking the pre-de?ned num 
ber of edges of the reference clock signal and the ?nal 
delay clock signal respectively; 

a counter coupled to the masking module, for generating 
a count of a number of pulses of the reference clock 
signal that are input to the delay line betWeen inputting 
a pulse of the reference clock signal to the delay line 
and occurrence of a corresponding pulse of the ?nal 
delay clock signal; 
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a decoder coupled to the counter, for decoding the count 
to generate a co-prime number With respect to a number 
of delay clock signals in the plurality of delay clock 
signals; 

a divider module coupled to the decoder, for receiving a 
value of the co-prime number, and dividing frequencies 
of the reference clock signal and the ?nal delay clock 
signal by the co-prime number to generate a reference 
phase signal and a delay phase signal respectively; 

a Phase Frequency Detector (PFD) coupled to the divider 
module, for comparing the reference phase signal and 
the delay phase signal in terms of phase; 

a charge pump coupled to the PFD, for generating a phase 
control signal based on comparing the reference phase 
signal and the delay phase signal; and 

a delay line coupled to the charge pump, Wherein the 
delay line includes a plurality of delay cells connected 
in series, the plurality of delay cells generating the 
plurality of delay clock signals on receiving the phase 
control signal. 

12. The DLL of claim 11, Wherein the masking module 
comprises: 

a ?rst mask module for masking the pre-de?ned number 
of edges of the reference clock signal; and 

a second mask module for masking the pre-de?ned num 
ber of edges of the ?nal delay clock signal. 

13. The DLL of claim 11, Wherein the divider module 
comprises: 

a ?rst divider circuit for dividing the frequency of the 
reference clock signal by the co-prime number to 
generate the reference phase signal; and 

a second divider circuit for dividing the frequency of the 
?nal delay clock signal by the co-prime number to 
generate the delay phase signal. 

14. A method for generating a plurality of equal-spaced 
phases With a Wide frequency range using a Delay Locked 
Loop (DLL), the DLL including a plurality of delay cells 
connected in series, the plurality of delay cells generating a 
plurality of delay clock signals in response to a reference 
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clock signal, the plurality of delay clock signals including a 
?nal delay clock signal, the method comprising: 

generating a co-prime number With respect to a number of 
delay clock signals in the plurality of delay clock 
signals; 

dividing a frequency of the reference clock signal and the 
?nal delay clock signal by the co-prime number to 
generate a reference phase signal and a delay phase 
signal respectively; 

comparing phases of the reference phase signal and the 
delay phase signal; 

generating a phase control signal based on comparing the 
phases; and 

controlling a phase difference betWeen any tWo adjacent 
delay clock signals of the plurality of delay clock 
signals through the phase control signal for generating 
the plurality of equal-spaced phases. 

15. The method of claim 14, Wherein generating the 
co-prime number comprises: 

generating a count of a number of pulses of the reference 
clock signal that are input to the plurality of delay cells 
before occurrence of a ?rst corresponding pulse of the 
?nal delay clock signal; 

decoding the count to generate a count value; 
outputting the count value When the count is co-prime 

With respect to the number of delay clock signals in the 
plurality of delay clock signals; and 

outputting a next number greater than the count value, 
Wherein the next number is co-prime to the number of 
delay clock signals in the plurality of delay clock 
signals When the count is not co-prime With respect to 
the number of delay clock signals. 

16. The method of claim 15, Wherein generating the 
co-prime number further comprises masking edges of the 
reference clock signal and the ?nal delay clock signal. 

17. A system for performing a method as herein described 
and illustrated in the ?gures of the accompanying draWings 

* * * * * 


